Abstract. The paper suggests principles and techniques for assessing universities, based on their employer attractiveness, which is measured by the demand for their products. Products of the University is 1) trained specialists (graduates), 2) research projects and technical-technological development 3) scientific results (articles in magazines)-each of these having their own consumers. It turns out that the level of employer attractiveness is determined by the organization of university resources: equipment and facilities, personnel, managerial structure and policies. The proposed university assessment principles provide the basis for a university ranking.
should be treated as a means of achieving the desired result. Organization of university assets, including human resources, normally mirrors university effectiveness.
The role of higher education in regional and industry-specific development depends on the quality of its products. The structure of its potential and social expectations determine three types of products: (i) new knowledge as a result of research and development activities; (ii) inventions in technology, engineering and humanities; participation in regional and industry-specific programs; (iii) the training of skilled personnel and keeping the skill levels of employed professionals up-to-date.
Each of the products has groups of potential consumers: the academic community, businesses and authorities at different levels, and undergraduate candidates. The extent to which a university engages to meet consumers' needs determines how demanded its products will be. Attractiveness may be taken as a basis of integral university characteristics. We suggest assessing universities based not on their organizational structure or resources but on the outside customer's demand for their products -basically, on their performance. This being understood, we assume that a good organizational structure provides an adequate quality of products, i. e. product quality measures the quality of the producing institution. Assessment logic like this brings us much closer to determining the actual role of a university in the regional economy and in industry-specific development.
The principles of university assessment proposed in this article will be used to provide a university ranking. From now on, we will only focus on university attractiveness, i. e. the demand for university products on the part of the market segments concerned.
Higher education is designed to ensure production and capitalization of skilled labor and intellectual products (research and development, consulting, engineering support for companies and enterprises in different sectors), as well as to keep the skill levels of employed professionals up-to-date. Universities act as fully-fledged participants in education and intellectual property markets, competing for the customer whose demands determine university attractiveness.
Competitive factors can be of many different types: human capacity, material resources, and other operational conditions. We suggest analyzing only university performance, i. e. attractiveness of university products, as a competitive factor, assuming that operational conditions are always sufficient to provide the results observed. This is an integral criterion that indirectly considers the traditional factors of organizational structure and resources. Therefore, the proposed university assessment approach takes into account the following characteristics of university activities:
1. How to measure university attractiveness 1) demand for university graduates (education products) in the real economy; 2) economic demand for design, development and consulting services rendered by the university; 3) the academic community's demand for the university's research products.
We assess these characteristics of university activities based on the following criteria:
• Attractiveness of university graduates in the labor market is measured by employer demand, i. e. how often graduates are employed upon a company's request, including the number of employer-sponsored education contracts.
• Attractiveness of a university's research and development products for real sector companies and enterprises is measured by the university's income from the sale of research and technology, projects and services designed to support companies and organizations' activities, as well as professional education programs.
• Academic attractiveness of research and development results asserted in scientific publications can be measured by the citation index.
To be able to use the assessment criteria, we need to introduce adequate and measurable indicators, which should meet the following requirements:
• be objective, i. e. based on external evaluations or information provided by a company whose officials are held responsible; • be quantitative to ensure verifiability;
• be based on uniform statistical reporting procedures to ensure a valid data comparison.
• Such indicators may include:
• the percentage of graduates from full-time programs assigned to jobs; • the proportion of income from R&D and educational services rendered to third-party organizations; • citation indices of university authors' works.
University rankings are designed to achieve a specific objective and are for the attention of a specific consumer segment. By trying to bring various aspects of university activities together, ranking designers usually increase the number of indicators [Arzhanova et al. 2013; Zavarykina, Lopatina, Perfilyeva 2012] ; as a result, indicators related to different assessment criteria eventually balance each other out in their final values. We presume that the number of indicators should be kept to a minimum, provided that they reflect the selected assess-ment criteria -those of university product attractiveness -to the maximum possible extent.
Let us now dwell on the newly introduced criteria and indicators.
Criterion 1: Employers' demand for university graduates. Employer's interest in university graduates is measured by businesses' requests. Most important here is not how many graduates get employed and by which means, but how actively they are demanded in the real economy. It is not employment as such that we assess, but targeted demand for professionals, which determines the "utility" of a university, i. e. the need for its products. University is regarded and perceived as a tool that can be used to enhance business productivity and contribute to territorial development.
Employers' demand is determined by the percentage of graduates assigned to jobs in the total number of university graduates from the main full-time programs.
The proposed indicator has two important characteristics. First, it independently measures and, more importantly, describes the demand for graduates through the majors offered by universities in response to businesses' requests. Second, it describes contractual relationships between the educational organization (students) and enterprises, institutions and organizations 1 . Job assignments are requested by organizations, which include employer-sponsored education contracts. It is assumed that graduates from additional, part-time, extramural and distance education programs are employed already.
Federal Statistical Monitoring ВПО-1, paragraph 2.9 "Job Assignments for Graduates from Full-Time Education Programs Funded from Budgets of All Levels" may serve as a source of information for quantitative indicator assessment.
Criterion 2: Commercialization of a university's end product.
The commercialization degree indicator is the proportion of income from commercialization of research and development products, professional training programs for organizations, and consulting services in a university's budget. The indicator considers two sources of university revenue: (i) income from research and development at the expense of all possible sources of financing; and (ii) funds received from organizations (not individuals) for educational services provided. This indicator is measured using Federal Statistical Monitoring ВПО-2, paragraph 3.1. "Distribution of Institution's Funds by Sources and Activities". This federal statistics provision allows for measuring objectively the demand for a university's research and technology products and its engagement in keeping the skill levels of employed professionals up-to-date. Basically, this group of products constitutes the ma-jor portion of a university's participation in the regional economy and territorial development.
The indicator is defined in the statistical monitoring form as "the specific weight of income from research and development and educational activity at the expense of extra-budgetary funds provided by organizations in the total amount of institution's funds actually received from budgets of all levels, extra-budgetary sources, and proprietary funds ".
Criterion 3: Academic attractiveness of a university's scientific product.
The role of scientific product is played by new knowledge as the result of scientific research. Demand for such product can be measured by the citation indices of university authors' works. Information is provided by the publication activity metrics of the Russian Science Citation Index (RSCI), chapter on "Comparing Bibliometric Indicators of Organizations": i-index of publication activity for each university, h-index, and the total number of citations of a university's publications in the RSCI.
The RSCI gives a quite comprehensive and objective picture of the publication activity of Russian authors and scientific institutions. The RSCI database contains information on both Russian-language publications and Russian publications in foreign languages as well as journals that have English versions. In assessing publication activity and the citation impact of Russian researchers and scientific institutions, the RSCI uses information on publications of Russian authors and works that cite them contained in the Scopus international citation database, making it possible to consider not only publications in RSCI-indexed Russian periodicals but also publications of Russian authors in foreign journals 2 . The advantage of the proposed approach to university performance assessment is that it does not require making direct requests to concerned institutions, thus helping to avoid subjectivity.
Having assessed the demand for university products, we can make a ranking of universities based on their attractiveness in specific industries. Such a ranking will allow prospective consumers of higher education services to understand their chances of getting an education that will make them competitive in the regional or national labor market, the expected effectiveness of attracting the university to solving development problems of companies, economic sectors and territories, and the feasibility of their hopes for new scientific research results and the training of academic researchers.
A ranking like this will provide structured information to those choosing a university in order to solve their own problems; it is designed for those who regard universities as a resource of their own success. Therefore, the ranking objectives are determined to meet the requirements of the key segments of consumers of products and services provided by universities, i. e. they ought to:
• provide concerned individuals and companies with information on university opportunities for training professionals capable of working in a real competitive economy; • inform businesses of a university's potential to solve their technology, organizational and personnel problems; • inform the academic community and other concerned parties of a university's research productivity.
Rankings of higher education institutions are constantly created in Russia and on an international scale. The range of ranking criteria is very wide 3 , since consumers interested in educational services are motivated by the most diverse factors when assessing or selecting a university. Different criteria classification and prioritization methods provide a diversity of rankings to meet the interests of different target groups.
Within the scope of assessment, rankings vary from generalized (the top universities in Russia) to consumer-customized (a ranking of Moscow universities by tuition fees).
The most well-known producers of Russian rankings include: ReiTOR Independent Rating Agency, the Ministry of Education and Science of the Russian Federation, the Russian Rectors' Union, Business Russia Public Organization, Vladimir Potanin Foundation, Russia Today International News Agency (MIA Russia Today), Interfax, Echo of Moscow radio station, the Kommersant publishing house, Career magazine, Finance business magazine, SuperJob Internet recruiter, and others.
The Social Navigator project of MIA Russia Today (formerly RIA Novosti) 4 in cooperation with the National Research University Higher School of Economics (NRU HSE) monitors around 500 higher education institutions based on the average USE (Unified State Exam) admission score. This monitoring is used to create university rankings with sub-rankings for different disciplines or university categories. The Social Navigator rankings take into account universities' reputations inherited from Soviet times, which is at odds with other local and global rankings, such as the Academic Ranking of World Universities 5 , the 3 The general idea of Russian and global ranking criteria is given in [Ivanova 2015 ]. 10 . This Monitoring explores a series of indicators grouped into eight areas: education, research and development, international outlook, financial and economic activity, faculty salaries, employment policy, students enrolled, and additional educational institution indicators. The Monitoring is designed to provide information support for managerial decisions and has brought the notion of "ineffective university ranking" into use.
All the above mentioned rankings have the following characteristics, which are both advantages and limitations:
• The multidimensionality and comprehensiveness of the indicators is achieved by considering different aspects of university activities.
• The lack of statistical information available is compensated for by direct requests to universities subject to ranking.
• Weight coefficients of the indicators (and their distribution across the groups of ranking factors) are normally assigned based on expert opinions, whereas the methodology requires a substantial justification of weight assignment (within the model tested).
• In the absence of necessary quantitative data, interrogatory methods are used to collect information from applicants, students and graduates.
• Nearly all of the rankings include indicators of university authors' publication activity. Meanwhile, using these indicators to compare different types of higher education institutions is not entirely flawless: as we know, citation indices (h-index and other publication activity indicators) depend largely on the field of research 11 .
The selected university assessment indicators are used in a number of Russian and global rankings, in different combinations with other indicators. However, none of the famous rankings includes a set of indicators as a characteristic of outside consumer's demand for university products. The indicators used in rankings are more likely to describe university processes or resources than performance. Even when some indicators consider university effectiveness parameters, they are not regarded from the attractiveness perspective and do not measure the outside demand for this effectiveness. When these indicators are used in combination with process-related ones, their contribution to university assessment is leveled off in the final ranking.
Most Russian and global rankings use bibliometric indicators of university authors' publication activity. They use research productivity indicators, e. g. the number of articles published in reputable peer-reviewed journals (The Academic Ranking of World Universities) or the number of papers per faculty member (the THE World University Rankings), as well as citation indicators, e. g. the average number of citations per article (the THE World University Rankings) or citation indices per faculty member (the THE World University Rankings), most often combining both types.
For instance, the annual Monitoring of Universities conducted by the Ministry of Education and Science of the Russian Federation uses the following bibliometric indicators: the number of citations received by articles published in the previous five years and indexed in Web of Science per 100 faculty members; the number of citations received by articles published in the previous five years and indexed in Scopus per 100 faculty members; the number of citations received by articles published in the previous five years and indexed in the RSCI per 100 faculty members; the number of university publications indexed in Web of Science per 100 faculty members; the number of university publications indexed in Scopus per 100 faculty members; the number of university publications indexed in the RSCI per 100 faculty members; and the overall number of university publications per 100 faculty members (among 62 other university performance indicators).
Popular citation indices, like h-index, have a number of disadvantages as research productivity indicators, being, for example, depend-11 https://ru.wikipedia.org/wiki/H-%D0%B8%D0%BD%D0%B4%D0% B5%D0%BA%D1%81 3. Using university product attractiveness indicators to create rankings 3.1. Citation index ent on the field of research. Meanwhile, i-index is less associated with the field of research, assessing the demand for the university's (not an author's) publications in most diverse areas available. In fact, this indicator measures the number of acknowledged (highly cited) researchers in a given university.
University ranking indicators also assess the research performance of universities quite often, which is usually externalized in the "proportion of income from R&D in the overall income of the educational institution". However, this reasonably clear indicator accretes a number of additional ones: the proportion of R&D completed using a university's own resources (with no co-contractors involved) in the university's overall income from R&D; the income from R&D (except that from budgetary funds of the Russian Federation and national science foundations) per faculty member; the number of license agreements; the proportion of funds obtained by educational institutions from using their intellectual products in a university's overall income (based on the Monitoring conducted by the Ministry of Education and Science of the Russian Federation). Each of these indicators carries a certain weight in determining the final ranking. It is no surprise that income from a university's intellectual products as such is thus compensated by and dissolved in a number of related indicators.
R&D performance indicators in popular university rankings are interpreted as "scientific achievements" but not as the demand for (return on) intellectual products. At the same time, another aspect of intellectual product attractiveness -employee retraining services for real economy enterprises -is considered in the Education Activity or Extra-Budgetary Educational Services sector, along with fee-based educational services provided to the population.
In the abovementioned rankings, assigning graduates to jobs is understood as engaging them in labor relations and making them part of the economy. The abundant indicators of employers' demand for university graduates feature no such familiar Federal Statistical Monitoring factor as "assigning graduates to jobs upon employers' requests". In particular, the only indicator used in the Ministry's Monitoring is "the proportion of graduates employed within one calendar year after graduation in the overall number of university graduates from the main full-time programs", calculated based on the Pension Fund data (i. e. it does not consider whether a graduate is employed in their field of study or not).
Therefore, job assignments for graduates cannot be regarded as a pronounced employer demand for university professionals.
Qualities assessed using the ranking criteria have different origins in different fields because the specific features of a university's product 3.2. Income from R&D and educational services rendered to third-party organizations 3.3. Assigning graduates to jobs
Objects of ranking
determine its market and capitalization conditions. So, to be able to correctly compare the university performance indicators from different categories, we need to group universities based on similar or related types of activities. We suggest dividing universities into six categories:
• Classical universities;
• Engineering (technical) universities;
• Agricultural universities;
• Management universities (economics, finance, law);
• Universities in humanities (pedagogy, philology);
• Medical universities.
With a classification like this, we minimize the number of field overlaps between the categories. The proposed breakdown of universities into categories based on their major fields of study is consistent with classifying publications based on areas of research in the RSCI database: engineering, natural sciences, medicine, agriculture, social (including pedagogical) sciences, and humanities. A similar classification was used to develop and test a multidimensional ranking model under the NPTF project 12 . At the same time, the proposed system of assessment criteria is essentially invariant for different types of universities: attractiveness serves as a strategic goal achieved via markets of relevant products. This observation may be used to rank universities regardless of the above classification or to introduce another classification based on other significant parameters.
The sample does not include branches (local subdivisions) of higher education institutions, military colleges, extramural and distance education institutions, theological (divinity) schools, and universities of art and culture -the criteria for assessment of their performance differ from those proposed in this article.
We also omit institutions with no necessary information available in the Federal Statistical Monitoring ВПО-1 or ВПО-2, as well as those not indexed in the RSCI.
We present the results of using the described indicators to create university rankings based on the data obtained by MIA Russia Today with our participation in 2015. All in all, we ranked 463 universities from 80 subjects of the Russian Federation (Table 1) .
The distribution of universities based on the indicator "the proportion of graduates assigned to jobs in the overall number of graduates from the main full-time programs" indicates a pretty high demand for 12 http://ranking.ntf.ru/DswMedia/larionovamarinaplenary1_24042013.pdf 5. University rankings based on the selected assessment criteria university graduates in the labor market ( Table 2 ). The proportion of graduates assigned to jobs is the highest in agricultural universities, reaching on average three quarters (75.6%) of all graduates. Graduates from management universities appear to be the least demanded by employers (about 30% on average). The number of job assignments provided to university graduates reflects the market demand for graduates of specific higher education institutions. Table 3 shows the distribution of universities based on the indicator "the proportion of income from commercialization of R&D products and professional training programs for organizations in a university's budget". Not unexpectedly, engineering universities demonstrate the highest proportion of income from intellectual product commercialization, which is about 16% of their budgets. Lower values are observed in medicine and humanities-8.3% and 8.4%, respectively. Agricultural universities show the lowest proportion of all.
Only a small proportion of universities (from 3% to 15% in different categories) receive no income from selling R&D products or render- ing educational services to organizations. Over half of the universities in each category receive a relatively low income from these activities (5-10% in the overall university budget). About 15-20% of agricultural and medical universities deal with this type of revenue once in a blue moon. Proportions of over 25% in the overall university budget are mostly demonstrated by engineering universities. Attractiveness of university products based on "the citation index of university authors' works" is assessed using the organization's i-index. Highly cited researchers are a gauge of university research performance. The mean i-index values across university categories are presented in Table 4 . Naturally, the citation index is not a perfect instrument. Citation indices (i-index and h-index) have specific patterns in different areas of research -an issue that has been constantly reported by researchers 13 . However, citation indices of the universities subject to ranking do not differ too much depending on the university category. In our opinion, the lack of significant differences in the discussed indicator between the university categories in our sample (unlike the differences based on the fields of study) is explained by the diversity of research and development areas in university activities (the process of "universitization").
The distribution of universities based on citation indices offers quite a comprehensive picture of the characteristics of the demand for scientific publications across the predetermined university categories. Most universities in agriculture and humanities show the maximum i-index values of 6-7 highly cited researchers, as compared to 8-11 in medical universities and a broader range of 6-7 to 10-11 and even 12-13 in engineering and management universities. The highest values of 8-9 to 12-13 highly cited researchers are demonstrated by classical universities.
To construct the final ranking, calculated as the sum of all indicators used, we normalize the obtained indicator values to ensure data comparability.
When creating complex rankings, it is essential to use weight coefficients indicating the priority of specific indicators. When intermediate (particular) values of ranking indicators are summed up, the weights of these indicators are considered equal. In other words, the cumulative consumer's demand for a university's products is assessed indiscriminately for all the three indicators introduced.
The complete ranking of Russian universities based on the demand for their products is available on the website of the Social Navigator project 14 . Classical, engineering and agricultural universities show the closest distribution of their final indicators. However, positive extreme values reveal some universities that stand out. Universities in management, humanities and medicine are less homogeneous in their final rankings, but they also feature some exceptionally successful institutions, whose high attractiveness manifests itself in the consolidated indicator.
The proposed criteria describing the demand for relevant university activities and products have different weight coefficients in different universities. This is a result of differences in university policies shaped
